In this paper, Artificial Neural Network, one of the Artificial Intelligence (AI) techniques, for the Volt / Var control in power distribution systems with dispersed generation (DG) is proposed. Artificial neural networks have been considered due to their ability for real time control, simpler calculations and adaptability to different operating conditions. Neuro-controllers are much more effective, fast acting than conventional controllers. Neural network for controlling Step voltage regulator (SVR) with line rise compensation (LRC) /line drop compensation (LDC) function has been presented. The neural network based controller has been simulated for a radial distribution system with DG and the neuro-controller shows promising results after testing.
1.INTRODUCTION
The ever increasing demand of electricity and increased concerned over environmental issues, has posed many challenges on power system companies and in a way distributed generation (DG) has emerged as one of the most suitable alternatives to solve these issues. The distributed generation means embedding of small generators in the capacity ranging from 15 kW to 20 MW in a distribution system which are scattered throughout a power system to provide electric power needed by consumers, thereby displacing the need to build additional or upgrade local distribution lines as well as improving the system performance.
In the deregulated power system environment, volt/var control in the distribution system embedded with DGs has become a key issue for the distribution system planning, operation and automation. Distributed generation can have significant impact on voltages, load demand, power losses, system reliability and economy in distribution networks. Introduction of distributed generation causes reverse power flows and complicated voltage profiles in the distribution systems [1], [2] . When the voltages at different buses are not within the statutory limits, ANSI C84.1-1995, proper measures must be taken to improve the voltage profile [1]- [4] .
Since conventional voltage regulators cannot handle the reverse power flow and steep voltage fluctuations, new voltage regulation methods are required to be adopted to solve these problems. The drawback of conventional controllers is that once the operating point or the system configuration changes, the performance of the controller degrades. Neuro controllers ensure superior response throughout the system, for different operating conditions compared to conventional controllers [5] , [12] .
Since volt/var control is directly related to the power quality of the distribution network and is one of the key steps for distribution automation, it is of primary concern to consider in this research work.
In the literature different voltage control methods are discussed. Turan Gonen [6] discussed SVR with LDC voltage regulation method. T .E Kim and J.E. Kim [7] presented the voltage regulation coordination method of DGs in a power distribution system by controlling the reactive power output of the DGs. Joon-Ho Choi and Jae-Chul Kim [8] presented multiple line drop compensation voltage regulation method considering dispersed storage generation systems and unbalanced load diversity. Tae-Eung Kim and Jae-Eon Kim [9] developed correlations between the load tap changing transformer (LCT), line drop compensator (LDC) and the output of DG.. Nigel C.Scott et al [10] Proposed load control method to tackle voltage rise issues due to embedded generation. T.Niknam et al [11] proposed volt/var control in the distribution system with DG using load tap changer, capacitor and voltage regulator. Artificial Neural Network (ANN) control of capacitors and voltage regulators are reported in the literature. N.Iwan Santoso and Owen T.Tan [12] presented a two stage neural network to control multi tap capacitors in a distribution system. Yuan-Yih Hsu and Feng-Chang Lu [13] proposed controlling of capacitor status and load tap changing transformer tap positions using neural networks. K.S. Swaroop and P.S. Subhash [14] presented two stage neural network approach to control capacitor status and transformer tap in a power system. function is yet to be addressed. Towards achieving this goal and considering the limitations of conventional controllers and the merits of neuro controllers, in this paper, neural network to control SVR with LRC/LDC function for the volt/var control in a distribution system with DG has been presented. 
2.PROBLEM FORMULATION
Where, vmin is the minimum acceptable bus voltage and vmax is the maximum acceptable bus voltage.
Where imin is the minimum acceptable line current, im is the current in the m th line and imax is the maximum acceptable line current.
Since volt/ var control is considered, the improvement of voltage profile is the primary goal of this work, the objective function, minimization of the voltage deviation is given first preference and minimization of the losses is given the second preference.
Voltage limit of ± 5 % has been considered in this study. 
NEURAL NETWORK BASED VOLTAGE

Neuro-Controller Architecture
Neural networks, one of the soft computing technologies, are simplified models of the biological nervous system. ANN is an interconnected group of artificial neurons that uses a mathematical model or computational model for information processing based on a connectionist approach to computation. In most cases an ANN is an adaptive system that changes its structure based on external or internal information that flows through the network. NN is widely used due to its robustness, generalization, high speed and parallel information processing capabilities. A properly trained NN can be effectively used to solve unknown and untrained instances of the problem.
The neuro-controller structure designed for this work consists of a three layer feed-forward neural network with four inputs, one hidden layer and three outputs. The hidden layer has 10 hyperbolic tangent sigmoid neurons and the output has 3 linear neurons. Back propagation algorithm has been used for training this network. For the purpose of training the neural network training data has been obtained with distribution system power flow and by solving equation (1). The training of the NN has been carried out offline. 
TEST SYSTEM AND SIMULATION RESULTS
Test System
The radial distribution system considered for this work is shown in Figure 2 . [4] .The parameters of the test system are shown in Table 1 . 
Simulation Results
The test distribution system Figure 2 . has been considered for the simulation of the neuro-controller. The simulation has been carried out using MATLAB.
When the DG is introduced at bus no.3 the voltages at few buses are outside the statutory limits as shown in Figure 3 .In order improve the voltage profile, one SVR at bus no.3 and LRC/LDC in the branch no.3 has been considered. A voltage statutory limit of ± 5 % has been considered. The training of NN using these data sets may not be accurate and may not generalize the network for different loading conditions. So the loading on each bus has beens divided into ten parts and training data sets are obtained for all the loading conditions. The NN has been trained with about 2000 data sets. The NN training has been done offline. The simulation results of NN training showed very small mean square error.
For testing the performance ability of the trained NN under different operating conditions, the NN is simulated for testing with different input data sets which were not used during training. The results of the neuro-controller after testing are shown in Figure 4 and are very much closer to the actual values.
So the performance of the neuro-controller is found to be accurate and promising. The results obtained by the controller are accurate. The results also illustrate that the performance of neuro-controller is better than conventional controller. The performance of a conventional controller degrades when the operating point and system configuration changes, whereas this neuro-controller shows superior response throughout the system for different operating conditions. Therefore it can be concluded this neurocontroller is effective, accurate, fast acting and suitable for realtime volt/var control in distribution system with DG. This work can become a prominent step towards distribution system automation.
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